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ian@libero.itIngestion, inhalation, and insertion of foreign bodies (FBs) are very common clinical
occurrences. In any case, early diagnosis and prompt management are mandatory to avoid
severe and life-threatening complications. Radiologists have an important role in revealing the
presence, dimension, nature, and relationshipwith anatomical structures of a FB; selecting the
most appropriate imaging modality; and enabling the best therapeutic choice. This review
article focuses on the most frequent FBs ingested, inhaled, and inserted and presents the
different tests and investigations to provide a correct radiological approach.
Semin Ultrasound CT MRI 36:48-56 C 2014 Elsevier Inc. All rights reserved.Introduction
Foreign bodies (FBs) are uncommon radiological ﬁndingsbut remain an important reason for admittance to
emergency department.
FBsmay be inhaled, ingested, or inserted into a body cavity,
or they may be deposited into the body by a traumatic or
iatrogenic injury.
Inhalation of FBs is frequent among infants and preschool
children. It has been estimated that approximately 500
children die each year in the United States owing to inhalation
of FBs.1 Complications associated with a delayed diagnosis are
pneumonia, atelectasis, bronchiectasis, and bronchialﬁstula.2,3
Ingestion is the most common occurrence, and it has been
estimated that up to 1500 deaths occur annually in the United
States owing to ingestion of FBs. Most of these cases occur in
pediatric population before the age of 6 years and in adults
between 25 and 44 years.4
In most cases, FBs cause only mild mucosa injury. It has
been reported that 80%-90% of FBs that reach gastrointestinalg/10.1053/j.sult.2014.10.004
014 Elsevier Inc. All rights reserved.
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require nonoperative intervention, and less than 1% need
surgery.5-7
Complications such as perforation, bowel obstruction,
ﬁstula, bleeding, abscess formation, and peritonitis may occur,
depending on the type and size of the object. Even if they are
uncommon, the associated morbidity may be severe and life-
threatening.4
Insertion of FB is no longer a medical oddity; it is
encountered frequently and is associated with a signiﬁcant
morbidity and mortality.8,9
To prevent complications, early diagnosis based on a correct
radiological documentation and interpretation of inhalation,
ingestion, and insertion of FBs is mandatory.
In this article, we discuss the most common FBs in terms of
epidemiology, pathogenesis, clinical aspects, and radiological
ﬁndings. In addition, we suggest the imaging modality of
choice to improve management of patients, decreasing related
complications.Inhaled FBs
Inhalation of FBs in children is a potentially serious household
accident that constitutes a frequent complaint especially in
pediatric emergency rooms.10
In Italy, in the year 2005, according to data available from
the Ministry of Health, 356 patients had diagnosis of “FBs in
Table 1 National Data of Ministry of Health in the 2005 About Patients Discharged With Diagnosis of
FB in Trachea, Bronchi, and Lungs
Imaging guidelines in patients with foreign body ingestion or inhalation 49trachea, bronchi, and lungs,” with a signiﬁcant prevalence
(53%) in children younger than 4 years (Table 1).
Many authors11,12 report that more than 80% of cases of
inhalation of FBs occur during early childhood, with a peak
incidence between 10 and 24 months of age.
In addition, ofﬁcial US statistics from 1995 refer to
mechanical choking caused by FBs in the airway as being
responsible for 5% of deaths among children younger than 4
years. The absence of molars and premolars and the tendency
to put all objects in the mouth account for the particular
predisposition of children of this age group.13
On the contrary, inhalation of FBs is rare in adults, in whom
it is often associatedwith speciﬁc pathologic conditions such as
mental retardation, seizures, Parkinson disease, and brain
tumors and also to therapeutic dental procedures performed
with patients under local anesthesia and in the supine
position.14 In addition, FB inhalation could be a rare pre-
sentation of myasthenia gravis. Weakness of laryngeal and
pharyngeal musculature leads to ineffective swallowing with
poor airway protection, and this may be further compounded
by a poor cough because of respiratory musculature involve-
ment. The combination of poor respiratory effort and an
ineffective swallowing with no protectivemechanisms can lead
to choking and eventually inhalation.15Clinical Features
The most frequent symptom is the “penetration syndrome,”
deﬁned as a sudden onset of choking and intractable cough
with or without vomiting.16 The clinical presentation has a
wide spectrum from no symptoms in the case of small objects
being deposited deep down in the airways to respiratory failure
when the objects are located at the epiglottis or the carina.
Hence, the location of the FB is important in symptom
development. When the location is the supra-glottis, sign
and symptoms are cough, dyspnea, salivation, voice changes;
when in the larynx, there are stridor, cough, voice changes, and
severe difﬁculty breathing; when in the intrathoracic trachea,
physical examination reveals expiratory wheeze and inspir-
atory rhonchus; when in the extrathoracic trachea, inspiratorystridor and expiratory rhonchus are observed; andwhen in the
bronchus, cough, wheezing or other localized sounds, and
difﬁculty breathing are noted.17 Inhalation, which does not
have any acute clinical presentation, can remain undetected
and occult for a long time. These patients are misdiagnosed
and treated with antibiotics and bronchodilators several times,
as inhalation of FBs can mimic many diseases such as croup,
asthma, pneumonia, bronchitis, or lung cancer. Delayed
diagnosis, common in case of occult inhaled FBs, ranges from
hours to years, leading to chronic complications as bronchiec-
tasis, bronchoesophageal ﬁstula, persistent pneumonia, or
abscess. Thus, complicated patients may undergo surgical
pulmonary procedures.18 For these reasons, patients with
inhaled FBs require rapid diagnosis and prompt treatment.Diagnostic Workﬂow
When FB inhalation is suspected, chest x-ray is often
performed as the ﬁrst choice. Metallic objects are readily
identiﬁed on chest radiographs. However, most inhaled FBs
are nonradiopaque. A radiolucent FB can be suggested only by
indirect ﬁndings, such as segmental or lobar collapse, air
trapping in a unilateral hyperlucent lung, postobstructive lobar
or segmental inﬁltrates, or other chronic pulmonary changes.19
An expiratory chest x-ray should be requested when the
standard inspired ﬁlm result is normal, as this strategy allows
visualization of air trapped by a valvelike effect due to partial
obstruction of the bronchial lumen.17,20 Airway ﬂuoroscopy,
allowing respiratory movements, has limited value in this
situation. Chest x-ray for FB inhalation has a sensitivity that
ranges from 60%-85% and a speciﬁcity from 52%-68%.21,22
However, these ﬁndings are nonspeciﬁc as they may occur
even in patients without FB inhalation. Negative chest x-ray
result in patients with a strong clinical suspicion of FB
inhalation requires bronchoscopy.23 Bronchoscopy is themost
speciﬁc and sensitive diagnostic procedure and may also
provide the ultimate treatment. However, there are several
complications associated with this technique that require
general anesthesia in pediatric patients.24 Rigid bronchoscopy
complications range between 2% and 22% and are frequently
Figure 1 Axial CT image below the carina reveals foreign body in the
left main bronchus and ipsilateral pleural effusion.
R. Grassi et al.50represented by laryngeal edema and pneumothorax. More
serious complications such as tracheal or bronchial tear,
hypoxia, and cardiorespiratory arrest can also occur. Luckily,
these complications remain exceptional, particularly for expe-
rienced pediatric bronchoscopy teams.25 The diagnostic algo-
rithm comprising ﬂexible bronchoscopy has reduced the
negative rigid bronchoscopy ﬁnding rate to 2%.26
Multidetector computed tomography (MDCT) with virtual
bronchoscopy is a noninvasive diagnostic technique with
sensitivity and speciﬁcity of almost 100%, as it is able to show
the lumen of the tracheobronchial tree and detect radiolucent
FBs with accuracy similar to rigid bronchoscopy, identifying
the exact location of the FB impaction21,27 (Fig. 1). Further-
more, it can correctly detect parenchymal ﬁndings (Fig. 2) and
allow an optimal visualization of the airways distal to the
obstruction.21,24Figure 2 CT scan of lower lobe bronchi: multiple nodular opacities
bilaterally and areas of “tree in bud.”Moreover, several authors have reported thatMDCTmay be
burdened by false-positive rates, for calciﬁed lymph nodes
misinterpreted as endobronchial FBs,19 and that it therefore
should not be routinely used as the initial diagnostic
approach.23 Differential diagnosis includes tracheobronchial
obstruction due to external airway compression for the
presence of enlarged lymph nodes, mediastinal neoplasms,
or cardiomegaly or due to intraluminal tracheobronchial
obstruction for the presence of bronchiolitis, neoplasm,
granulation tissue as in tuberculosis, mucus plugs
and secretions as in bacterial bronchopneumonia, cystic
ﬁbrosis, asthma, pulmonary abscess, or acute laryngo-
tracheobronchitis.28
If chest x-ray proves a FB inhalation, there is no need to
perform MDCT examination.
The indication for MDCT is still valid in the case of clinical
suspicion of FB inhalation, in patients with negative chest
radiography ﬁnding, or in the case of atypical presentation and
discrepancy between clinical and radiological ﬁndings.23 If
MDCT examination reveals no FB in the tracheobronchial tree,
bronchoscopy may be avoided21 (Table 2).
Magnetic resonance imaging (MRI) has a unique indication
in the suspicion of peanuts inhalation, as its high fat-rich
content has a high signal on T1-weighted images in compar-
ison with surrounding air in the lung, which has a low signal,
allowing high contrast between the FB and the air in the lung.
Furthermore, MRI allows to distinguish between peanuts
and indirect ﬁndings such as granulation or local atelectasis,
which usually appear as isointense on T1-weighted image
scans. On the contrary, it is difﬁcult to distinguish them using
MDCT, because they appear nearly identical in brightness.29,30Ingested FBs
Ingestion of FB is a common clinical problem. In Italy, in the
year 2005, 1666 patients had diagnosis of “FB in the digestive
tract” (Table 3).
Most of the cases occur in the pediatric population, with a
peak incidence between 6months and 4 years in relation to the
oral stage of learning, inadequate dentition, the relatively high
position of epiglottis, and immature swallowing coordina-
tion.31,32 A second peak occurs in adults aged 25-44 years
(9.5%) with a prevalence in men. At this age, it can be an
accidental event mainly in persons with decreased palatal
sensitivity, owing to the use of false teeth, excessive alcohol
intake, and extremely cold ﬂuid intake; those with swallowing
disorders; or those with psychiatric disorders and drug
addiction. Intentional episodes occur inmentally handicapped
people, drug trafﬁckers, and prisoners.33
A correlation has been found between age groups and
speciﬁc types of ingested objects. Coins, toys, crayons, and
ballpoint pen caps are most often ingested during the child-
hood, whereas adults tend to have problem with meat and
bones. Moreover, psychiatric patients and prison inmates may
ingest such unlikely objects as spoons and razor blades.34 In
addition, oral ingestion of drugs is a widespread and growing
practice of illegally transporting cocaine and other narcotics.
Table 2 Suggested Management of Patient With FB Inhalation
Imaging guidelines in patients with foreign body ingestion or inhalation 51People who engage in this practice for purpose of transport
across borders and subsequent retrieval of the drug in a foreign
country are commonly known as body packers or mules.
Differently from a body packer, a body stuffer is someone who
hastily ingests illegal drugs to escape detection by author-
ities.35-37 Drug trafﬁckers can swallow between 40 and 150
packets of illegal drugs, with total cash values ranging from
$50,000 to more than $1,000,000.35
If an ingested FB successfully navigates the esophagus, it will
frequently pass through the entire GI tract. Moreover, if the
object has irregular or sharp edges, it may lodge anywhere in
the GI tract, causingmechanical obstruction frequently at areas
of anatomical narrowing, physiological angulation, or areas of
pathologic structures. If the objects are elongated, they usually
become trapped in the duodenum, appendix, or ileocecalTable 3 National Data of Ministry of Health in the
With Diagnosis of FB in the Digestive Tractvalve. Spherical or cylindrical objects tend to be large and
impact in the esophagus or pylorus. Perforation is another
possible complication, and the most common sites are the
lower esophagus, duodenal loop, appendix, ileocecal valve,
and the recto-sigmoid region. Fistula, abscess, peritonitis, or
generalized septicemia is usually a result of perforation.38,39
The reported incidence of FBs causing perforation of the GI
tract is less than 1%, with the objects being elongated or sharp
in most of the cases, such as toothpicks, pins, ﬁsh, or chicken
bones. Furthermore, with long, narrow, and pointed ingested
FBs, the risk of perforation could be higher; this occurrence
may not only be the result of directmechanical erosion, as with
bones, but also of chemical corrosion, as with button batteries.
In addition, patients with previous GI tract surgery or
congenital gut malformations are at increased risk.40,412005 About Patients Discharged
R. Grassi et al.52Clinical Features
Clinical presentation is inﬂuenced by anatomical location;
type, size, duration of impaction of ingested FBs; and related
complications, such as obstruction, perforation, and lethal
drug exposure.
Approximately 80% of the cases of obstruction caused by
ingested FBs occur in the hypopharynx or the cervical
esophagus, causing discomfort and pain in cervical region.42
Objects that lodge in the esophagus can cause airway
obstruction, stricture, or perforation with resulting mediasti-
nitis, cardiac tamponade, paraesophageal abscess, or aorto-
tracheoesophageal ﬁstula.34 An understanding of the risk
factors for complication associated with esophageal FBs might
help to reduce patient morbidity. A multivariate analysis
showed that the duration of impaction and type and size of
FBs (P o 0.001) were signiﬁcant independent risk factors
associated with the development of complications in patients
with esophageal FB.4 Morbidity and mortality associated with
body packing can occur owing to bowel obstruction and
intoxication following packet rupture. For this reason, it is
required to adopt a systematic protocol for the management of
these patients (Table 4).43
When the perforation of GI tract occurs, it may give
peritonitis, abscess, inﬂammatorymass formation, obstruction,Table 4 Management of Ingestion of Suspecﬁstulae, and hemorrhage.44 In addition, it could even involve
adjacent structures such as the kidneys, psoas muscles, and
inferior cava.45 Rare cases of FB migration to the pleura, heart,
kidney, or liver have been reported.46-50
Lethal drug exposuremay also occur in body stuffers, even if
large quantities of cocaine are not involved, owing to the poor
wrapping of drugs with condoms, latex, cellophane, and other
synthetic materials.37Diagnostic Workﬂow
Many patients who have swallowed FBs are without knowl-
edge when symptoms occur, and physicians must maintain a
high index of suspicion. Radiologists have an important role in
revealing the presence, dimension, nature, and relationship
with anatomical structures of a FB; selecting the most
appropriate imaging modality; and enabling the best thera-
peutic choice.
Radiographs of antero-posterior and lateral chest,
lateral neck, and supine abdominal should be obtained
to rule out ingestion. In total, 2 projections are mandatory
because some FBs, especially those of discoid shape,
could be shown only in one projection, remaining
undetectable in the other one.ted Drug Packets
Figure 3 Plain abdominal x-ray: numerous radiopaque images with
metallic density in the presumable ileal loops (batteries and keys).
Figure 5 Chest x-ray: radiopaque foreign body (coin) at the junction
between the esophagus and hypopharynx.
Imaging guidelines in patients with foreign body ingestion or inhalation 53Radiological visualization depends on radiopacity.38,51
Radiograph detects as much as 80% of all FBs. Objects of
metal, except aluminum, most animal bones, and glass are
opaque on radiographs (Figs. 3-6). Objects composed ofFigure 4 Plain abdominal x-ray: radiopaque images (3 screws þ
2 hinges) in the small bowel loops.plastic and most ﬁsh bones are radiolucent structures, and
their diagnosis may be challenging.33
Aluminum objects may be radiographically detected with
sensitivity and speciﬁcity from 80%-90% and from 90%-
100%, respectively, and could be easily missed on a superﬁcial
reading of the images.52
Regarding FBs as ﬁsh bone, chicken bone, and toothpicks,
x-ray has a sensitivity that ranges from 23.5%-54.8% for the
ﬁrst 2 and 9% for the latter. In case of toothpicks, even other
imaging studies have a low sensitivity, 15% for MDCT and
29% for ultrasound (US), which are the methods of choice inFigure 6 Chest x-ray: radiopaque foreign body in the lower third of the
esophagus. It is probably a button battery, demonstrating the “halo
sign” of a smaller disc within a larger disc.
Figure 7 Abdominal CT scan in patient with several drug-ﬁlled
packets.
R. Grassi et al.54the diagnosis of a FB that migrated from the GI tract and
retained in the soft tissues.41
If an oral contrast medium is administered, sensitivity
increases. In this case, water-soluble contrast medium is
preferable to barium for the high risk of perforation. In the
absence of clear signs of extraluminal extravasation of the
water-soluble contrast medium, additional radiographs can be
performed after the oral administration of barium. Experimen-
tal and clinical studies have shown that small pharyngo-
esophageal perforations by ingested FBs can be very accurately
visualized using barium.53 Nevertheless, a false-positive rate of
27%-50% and false-negative rate of 19%-40% have been
reported.54 In addition, the use of barium is associated with a
high risk of inhalation, and along with coating of FB and
esophageal mucosa, it could compromise subsequent endos-
copy.41 Therefore, MDCT examination is mandatory in the
management of this condition, in identifying high-density FBs.
Moreover, MDCT not only conﬁrms the existence and the
location of any impacted ﬁsh bones, it also enables the
visualization of any resulting damage to neighboring structures.
MDCT should also be performed in all patients with
suspected ﬁsh bone impaction in the GI, even in cases in
which plain x-ray has already established the presence of a FB.
MDCT may provide useful information not only for the
diagnosis of ingested FBs but also for the detection of
complications. The region of perforation may appear as a
thickened focal segment, associated with localized pneumo-
peritoneum, regional fatty inﬁltration, and associated intestinal
obstruction. Furthermore, it represents the best strategy for the
management of these patients. In fact, surgical removal of FBs
from the esophagus is requiredwithin 8 hours, otherwise it can
result in exacerbation of a perforation of the esophageal wall.
This kind of complication can be avoided by performing
MDCT to determine whether a FB is still in the esophageal
lumen or has penetrated in its wall.41,55 However, the accuracy
of MDCT is limited by the lack of observer awareness, and a
high index of suspicion should always be maintained for a
correct diagnosis to avoid interpretation mistakes. Further
limitations of MDCT are given by slice scanning thickness: the
use of thinner MDCT slices allows reviewers to better trace
structure such as blood vessels and distinguish them from
calciﬁed FBs. The orientation of a FB with respect to an axial
MDCT scan can also affect the perception of the viewer.
Coronal reconstruction would be useful especially in over-
coming this limitation.56
MRI is suggested only in preoperative assessment in patients
with soft tissue masses, providing excellent soft tissue contrast
and an optimal visualization of anatomical extent of the mass
and its relation to adjacent structures, even without the
administration of intravenous contrast medium.57
US, abdominal x-ray, MDCT, and MRI are used to examine
people suspected of being body packers; however, the sensi-
tivity and speciﬁcity of these examinations are yet unknown.
Examining the bowel for small FBs with US is problematic as
the drug-ﬁlled packets may have a similar appearance to stool
and air and are characterized as an echogenic structure with a
shadowing.43 Abdominal x-ray is themost used examination to
detect drug-ﬁlled packets. Radiological density depends on thecomposition with other substances or on its grade of purity.
This is the reasonwhy abdominal x-ray is occasionally unable to
identify the packets. Improvements in packaging and increasing
sophistication of trafﬁckers also make radiological visualization
of the packets more difﬁcult.58
Therefore, MDCT has been reported to be more accurate
than radiography in the detection of the drug-ﬁlled packets
because of its improved contrast resolution and the elimination
of projections of overlapping structures (Fig. 7). Nevertheless,
false-negative MDCT results are also described. In fact,
identifying the homogeneous isodense heroin packets is really
a difﬁcult problem. They may go undetected if the window
width and level settings typically employed for abdominal
MDCT (ie, window width 400 HU and window level 40 HU)
are used. For this reason, in cases of ingestion of suspected
homogeneous isodense drug packet, it is advisable to manip-
ulate thewindows (level150  300/width 600  800) in
addition to those commonly used for abdominal MDCT.
Moreover, the detection of changes in size and shape of the
lumen is helpful as indirect signs.59,60Conclusion
Inhalation, ingestion, or insertion of FBs are very common
clinical problems.
To prevent complications, early diagnosis is mandatory.
Imaging methods are of paramount importance in identify-
ing and locating the FBs, allowing the selection of the best
therapeutic option, namely conservative, endoscopic, laparo-
scopic, or open surgical methodologies.
It is important for any radiologist to be aware of the typical
imaging ﬁndings of FBs to select the most appropriate imaging
modality for their detection, depending on their nature.
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